Introduction
Pear (Pyrus communis) is a climacteric fruit, where the fruit ripening goes along with the consequential production of ethylene and fruit softening during the maturation period. Controlled atmosphere (CA) at low temperatures is the common method to delay pear ripening and prolong its storage life (Gamrasni et al., 2010) . However, CA or ultralow oxygen (ULO) storage does not commercially exist in many parts of the world and so it is important to find alternative methods to CA or ULO storage for maintaining and prolonging the postharvest quality of pears.
Ethylene is a ripening hormone and it has negative effects on the storage life and quality parameters of fruit, vegetables, and ornamental plants. Therefore, it is vitally important to control the negative effects of ethylene on ripening and softening to ensure prolonged storage life and quality of pears. There are different techniques and storage methods to control the harmful effects of ethylene action on fruit ripening. These techniques are modified atmosphere, CA, ULO, and dynamic controlled atmosphere storage. Another method to control ethylene on fruit ripening is the use of an ethylene antagonist such as 1-methylcyclopropene (1-MCP). Several compounds have exhibited an inherent capacity to block the binding site of ethylene, resulting in either the blockage or the annihilation of ethylene effects (Sisler, 1991) . One of the ethylene inhibitors widely used in postharvest technology is 1-MCP, which has been established as an inhibitor of ethylene activity (Sisler and Serek, 1997) . It is thought to fill the ethylene receptors in a way that prevents ethylene from binding to the site and eliciting activity. Similarly, Sisler and Serek (1997) also evaluated the response of 1-MCP to the ethylene receptor in their study. The compatibility of the receptor with 1-MCP is almost 10-fold higher than that of ethylene. Via feedback blockage, 1-MCP also affects ethylene production in some plants and fruit species, including apple, banana, broccoli, pear, plum, and tomato (Blankenship and Dole, 2003) .
The impact of 1-MCP application on postharvest fruit quality has been tested in different horticultural commodities. Treatment with 1-MCP maintained storage life and prolonged the postharvest quality of a wide range of fruits, including pears (Gamrasni et al., 2010) , apples (Lu et al., 2013) , bananas (Ketsa et al., 2013) , plums (Lippert and Blanke, 2004) , avocados (Woolf et al., 2005) , peaches (Hayama et al., 2008) , kiwifruits (Koukounaras and Sfakiotakis, 2007) , and strawberries (Bower et al., 2003) .
Application of 1-MCP enhanced the postharvest marketability of 'Conference, ' 'Bartlett, ' and 'd' Anjou' pears (Baritelle et al., 2001; Rizzolo et al., 2005) . Furthermore, the ethylene production, respiration rate, flesh softening, and development of yellow fruit color as a result of ripening were decreased by 1-MCP. In 'Bartlett' pears, 1-MCP has also been implicated in the decreased prevalence of scald and internal disintegration. In 'William's' pears, 1-MCP application decreased the loss of firmness, color change, and titratable acidity (TA) (Calvo and Sozzi, 2004) . The effectiveness of 1-MCP in inhibiting pear ripening and softening depends on several elements, including the cultivar or variety, maturity stage at harvest, and the condition and duration at which the fruit is stored (Gamrasni et al., 2010) .
Storage of ' Ankara' pears is usually limited to 3-4 months under normal atmosphere and ideal storage conditions at 0 °C. In most cases, storage life ends due to excessive ripening and fruit softening. In the available literature, only a few studies (Bakoglu and Gunes, 2014) have been carried out on the impact of 1-MCP treatments on the storage life and quality parameters of ' Ankara' pears, which is one of the leading pear cultivars in Turkey. For this reason, the objective of this study was to analyze the effects of 1-MCP treatments on storage and shelf-life performance of ' Ankara' pears.
Materials and methods

Fruit material
' Ankara' pears (Pyrus communis L.) from 25-year-old trees were used as experimental fruit material. The pear trees were grafted on wild pear rootstocks (Pyrus elaeagrifolia) and planted at 6 × 6 m spacing. The fruit of Ankara pears is medium sized and globular, weighing about 150-200 g. The fruit has green skin coloration and is thin, with juicy flesh. Pears were harvested from a commercial orchard in Korkuteli district of Antalya, Turkey, at an optimal harvest maturity based on fruit flesh firmness and total soluble solids (TSS) content. Pears at commercial maturity stage, of homogeneous sizes and free from any visual or physical symptoms, were selected for the study.
1-MCP applications and storage conditions
After harvest, pears were randomly divided into three lots for different doses of 1-MCP applications. The first and second lots of fruit received applications of 250 and 500 ppb 1-MCP, respectively. The third lot of fruit was not treated and considered the control lot. The 1-MCP was obtained from SmartFresh powder (0.14% active ingredient). The 1-MCP treatments were carried out in a specially designed gas-tight container of 1 m 3 volume. Fruits were treated with 1-MCP for 24 h at 5 °C. After 1-MCP treatments, control and treated pears were placed in plastic boxes containing 24 pears per box. Then pears were stored at 0 °C temperature with 90%-92% RH for 8 months. The pears were also allowed to ripen for 7 days at a temperature of 20 °C (simulated shelf-life) after cold storage. Fruit samples were taken at 2-month intervals and various physical and chemical analyses were performed on the fruits.
Assessments and analyses were performed for each 1-MCP application after each storage period and simulated shelf-life. Samples consisting of 8 pears per treatment were used in 3 replications.
The weight loss of the fruits was computed on an initial weight basis and represented as a percentage. The measurement of firmness was performed on three different surfaces of the fruit with the aid of a penetrometer (FT 327) with an 8-mm probe. SSC was obtained from freshly squeezed fruit juice and was measured with the help of an Atago digital refractometer. Fruit TA was estimated from the water extract content of the juice (2 mL of juice in 38 mL of water) by titrating with 0.1 N NaOH (pH 8.1) using a pH meter. The results were expressed in percentage equivalence of malic acid. The fruit skin color was also measured with the aid of a Minolta Chroma Meter (Model CR 200, Minolta, Tokyo, Japan) in the L*, a*, b* mode under standard CIE illuminant C. The measurements were performed on different surface parts of each fruit, and the average mean values computed. Changes in fruit color from green to yellow were determined by computing the hue angle (h°), from tan -1 b*/a*. Each of the six members of the trained taste panel evaluated a single pear per 1-MCP dose. Sensory evaluation was performed by the panelists at every evaluation stage. The assessments were carried out by observing fruit appearance and fruit taste on a hedonic scale of 1-5. Each of the coded treatment groups was presented in random order and assessed accordingly on fruit taste and general visual appearance using a hedonic scale: 5 = excellent; 4 = very good; 3 = good (marketable); 2 = poor (unmarketable); 1 = very poor (unmarketable).
For respiration rate determination, fruit from each treatment were placed in 5-L air-tight jars for 1 h at 20 °C. The a 1-mL gas sample was taken from the head space of jars and injected into a gas chromatography device (GC) (Thermo Finnigan Trace GC Ultra, Thermo Electron S.p.A. Strada Rivoltana 20900 Radano, Milan, Italy) equipped with a thermal conductivity detector. The GC was calibrated earlier on using a standard CO 2 (1000 ppm). The results were reported as mL CO 2 kg -1 h -1
. Each treatment included three replications. Chromatographic conditions were as follows: Supelco 80/100 alumina F-1 column 1 m × 4.762 mm × 3.7 mm SS, 65 °C oven temperature, 35 °C detector temperature, 45 mL min -1 hydrogen flow, 400 mL min -1 dry air flow, 1 mL injection, and 4 min analysis time.
For ethylene production, 8 pears from each treatment were selected and put into a 5-L air-tight jar for 1 h at 20 °C. The 1-mL gas sample was then appropriated with a gastight syringe and injected into a GC equipped with flame ionization detector. The GC was earlier calibrated with standard ethylene (25 ppm). The results were stated as μL C 2 H 4 kg -1 h -1
. Chromatographic conditions were set: GS-GASPRO, 113-4362 capillary column, 1.829 m × 6.35 mm, 130 °C oven temperature, 275 °C detector temperature, 35 mL min -1 hydrogen flow, 350 mL min -1 dry air flow, 1 mL injection, 2 min analysis time.
The experiment was carried out in a completely randomized design with three replications and data analyzed using analysis of variance (ANOVA) by the statistical software SAS v7 (SAS Institute Inc., USA) and Duncan's multiple range tests were used for comparing the averages of the sources of variation. Statistical variations with P-values under 0.05 were considered significant.
Results
Weight loss
The effects of both storage duration and 1-MCP doses on weight losses were statistically significant (P ≤ 0.05) during 240 days of cold storage and an additional 7 days of shelf-life at 20 °C. Weight losses of pears increased with prolonged cold storage. The weight loss in pears treated with 1-MCP was much lower than in the control group during both cold storage and shelf life. Weight loss in the control, 250 ppb 1-MCP, and 500 ppb 1-MCP groups was 5.83%, 4.29%, and 3.28%, respectively, at the end of the cold storage period (Table 1) . Pear weight loss increased during the entire shelf-life period (Table 2) . During the shelf-life period, similar to the cold storage period, the lowest weight loss was in the 500 ppb 1-MCP pears (5.90%), while the control and 250 ppb 1-MCP fruit lost 11.21% and 8.33% of their initial weight, respectively. Table 1 shows the changes in flesh firmness of ' Ankara' pears during 240 days of cold storage at 0 °C. During the storage period, fruit flesh firmness of the pears continuously decreased in all treatment groups, but both 1-MCP treatments delayed the softening. Flesh firmness of the pears was 62.08 N at harvest and decreased to 44.13 N, 35.30 N, and 29 .91 N in 500 ppb, 250 pbb 1-MCP treatments, and the control fruit, respectively, at the end of the cold storage period of 240 days. During the shelf-life period, flesh firmness of the pears continuously decreased and it was 24.69 N, 25.01 N, and 12.27 N at 500 ppb 1-MCP, 250 ppb 1-MCP, and the control fruit, respectively (Table 2) .
Flesh firmness
TSS content
The TSS content of the pears was 14.77% at harvest. The TSS content of the pears generally decreased in all treatment groups during the storage period, but this decrease was slower in the 1-MCP fruit compared to the control fruit.
A similar trend was also determined during the shelflife period, and the highest decreases occurred in the control group. At the end of 240 days of cold storage and 7 days of shelf life, the highest soluble solids content was recorded in the 500 ppb 1-MCP fruit (14.84%), followed by the 250 ppb 1-MCP fruit (13.20%). The lowest was in the control group (11.34%) ( Table 2) . 3.4. TA Pear TA continuously decreased in all groups during the cold storage period, but this decrease was slower in 1-MCP fruit than in the control fruits (Tables 1 and 2 ). At harvest, pear TA was 0.88 g malic acid 100 mL , respectively. Pear TA decreased steadily during the shelf-life period as well. After 240 days of cold storage and 7 days of shelf life, 500 ppb 1-MCP had the highest TA (Table 2) .
Skin color
The C* values of the pears slightly increased during storage in all treatment groups (Table 1) . C* value of pears at harvest was 37.75 and after 240 days of cold storage at 0 °C, C* values were 39.53, 39.53, and 39.40 for the 500 ppb 1-MCP, 250 ppb 1-MCP, and control fruit, respectively. There was an increase in C* values of pears throughout the shelf-life period at 20 °C (Table 2) . At the final stage of the shelf life period, C* values of pears were 40.56 in the 500 ppb 1-MCP group, 40.38 in the 250 ppb 1-MCP group, and 39.33 in the control group.
The impacts of storage period and 1-MCP applications on h° values were statistically significant during the cold storage and shelf-life conditions (Tables 1 and 2 ). The h° values of pears decreased during both the storage and shelf-life periods in all treatment groups. The h° value of pears at harvest was 113.06° and it decreased to 107.47°, 107.45°, and 107.14° for 500 ppb 1-MCP, 250 ppb 1-MCP, and control pears, respectively, at the end of the cold storage period. As shown in Table 2 , at the end of the 240 days of cold storage and 7 days of shelf life, the highest h° value was in the 500 ppb 1-MCP group (107.47°) and the lowest was in the 250 ppb 1-MCP group (107.14°). However, in terms of h° value, there were no significant differences among treatments.
Respiration rate
At harvest, the respiration rates of the 500 ppb 1-MCP, 250 ppb 1-MCP, and control groups were 0.10 mL CO 2 kg -1 h -1 , 0.18 mL CO 2 kg -1 h -1 , and 0.14 mL CO 2 kg -1 h -1 , respectively (Figure 1) . Respiration rates of the control fruit were higher than those of the 1-MCP groups. The untreated control pears and the 250 ppb 1-MCP pears reached a climacteric maximum 240 days from harvest. ) 1-MCP groups peaked at month 4 and thereafter it decreased. By the end of month 8, the ethylene emission of the pears was 25.05 µL C 2 H 4 kg -1 h -1 in the 250 ppb 1-MCP group and 22.45 µL C 2 H 4 kg -1 h -1 in the 500 ppb 1-MCP group. At month 8 of the study, the ethylene emission of the control fruit was almost 2-fold higher than the 500 ppb 1-MCP pears (Figure 2) .
Ethylene emission
Taste
Pear taste scores decreased throughout the cold storage for all treatment groups. The initial test score of the pears at harvest was 4.00. After 240 days of cold storage at 0 °C, taste scores were 2.83, 3.83, and 3.67 for the control, 250 ppb 1-MCP, and 500 ppb 1-MCP groups, respectively. As shown in Table 2 , taste scores generally exhibited a decrease during the entire shelf-life period. At the end of the shelf-life period, pear taste scores were 2.67 in the control group, 4.33 in the 250 ppb 1-MCP group, and 4.00 in the 500 ppb 1-MCP group.
Discussion
In this study, 1-MCP application decreased the weight losses of pears throughout both the storage and shelf-life periods. A remarkable weight loss was, however, observed in the control group in comparison to the 1-MCP groups. These results were supported by Weis and Bramlage (2002) , who reported the impact of 1-MCP application in decreasing the weight loss of 'Red Chief Delicious' apples during the storage period. Weis and Bramlage (2002) also reported that 1-MCP treatments were efficient in decreasing the weight loss of 'McIntosh' and 'Red Chief Delicious' apples during the entire shelf-life period. In these studies, weight loss in the 1-MCP apples was much lower than that of the control pears throughout the shelflife period. Our data on weight loss are in agreement with the work by Jeong et al. (2002) in avocados and Gal et al. (2006) in Galia melons.
Flesh firmness is usually used to decide pear maturity and date of harvest (Gamrasni et al., 2010) . Flesh firmness was affected by 1-MCP applications. Treatment with 1-MCP increased the flesh firmness of pears and delayed fruit softening. Pears treated with 500 ppb 1-MCP had the highest firmness during storage at 0 °C. During the shelflife period, the same pears had the highest fruit firmness. Pears treated with 250 and 500 ppb 1-MCP were 2-fold firmer than the control pears at the end of the shelflife period. Baritelle et al. (2001) the findings reported by Sakaldas et al. (2008) on storage of 'Eşme' quince and by Menniti et al. (2004) on the shelflife of ' Angeleno, ' 'President, ' and 'Fortune' plums. TSS is an important factor in commercial quality of fruit and vegetables (Predieri and Gatti, 2009) . TSS of the ' Ankara' pears generally decreased in all treatment groups throughout the storage at 0 °C, but at the end of the storage, fruit treated with 500 ppb 1-MCP had the highest SSC values. During the shelf-life period, SSC of the ' Ankara' pears decreased in the control and 250 ppb 1-MCP fruit. TSS of pears treated with 1-MCP were higher than those of the untreated control group during both the storage and the shelf-life periods. These results are supported by the findings published by Watkins et al. (2000) in apples, who reported that 'Delicious' and 'Empire' apples treated with 1-MCP contained higher TSS than untreated fruit. Similarly, the amounts of SSC in apples (Fan et al., 1999) , pineapple (Selvarajah et al., 2001) , and papaya (Hofman et al., 2001 ) treated with 1-MCP were higher than in control fruit.
In this study, the TA content of ' Ankara' pears decreased in all treatments, but pears treated with 1-MCP had higher TA content compared to the untreated fruit throughout the cold storage and shelf-life periods. At the end of the study, pears treated with 500 ppb 1-MCP had TA almost 2-fold higher than the control group and almost 1.5-fold higher than that of the 250 ppb 1-MCP pears. Our results are similar to those obtained by Liu et al. (2013) on 'Laiyang' pears, by Watkins et al. (2000) on apples, by Dong et al. (2002) on plums, and by Selvarajah et al. (2001) on pineapples.
Color is a very essential component used by the consumers in determining fruit maturity and quality (Kappel et al., 1995) . During the storage and shelf-life periods, C* values increased in all treatments. However, C* values of pears kept in shelf-life storage increased more than that of pears kept in cold storage.
The hue (h°) values of pears decreased throughout the entire storage and shelf-life period in all treatment groups. The h° values were higher in 1-MCP pears than in the control group. The h° values of pears kept under shelf-life conditions showed more variation than those stored under cold storage conditions and these fruit turned a lighter yellow color. These results are similar to those obtained by Calvo (2001) in pears, by Kluge and Jacomino (2002) in peaches, by Manganaris et al. (2008) and Salvador et al. (2003) in plums, by Hershkovitz et al. (2005) in avocados, and by Fan et al. (2000) in apricots.
Fruit ripening and senescence are defined by numerous biochemical and physiological alterations, as well as a rise in the production of ethylene and respiration . In general, respiration rates were reduced with 1-MCP treatments in pears. In the present study, respiration rates of pears treated with 1-MCP were lower than those of ).
the control group during 8 months of cold storage. These results are supported by the findings published by Liu et al. (2013) , who reported reduced respiration rates in 'Laiyang' pears treated with 1-MCP. However, Hershkovitz et al. (2005) stated that 1-MCP treatments delayed climacteric rise as well as reduced respiration rates in avocado fruit. Moreover, our results were similar to the findings reported by Alves et al. (2005) in melons and Dong et al. (2002) in plums. Ethylene emission was reduced by 1-MCP treatments in ' Ankara' pears. Similar results were obtained by Chiriboga et al. (2013) and Chiriboga et al. (2012) in 'Conference' pears, by Moya-Leon et al. (2006) in 'Packham's Triumph' pears, by Argenta et al. (2001) and Fan et al. (1999) in apples, by Menniti et al. (2004) in plums, by Bower et al. (2003) in strawberries, and by Botondi et al. (2003) in apricots, who reported a reduction in ethylene production with 1-MCP treatment.
In this study, the control fruit generally received the lowest taste scores throughout the storage at 0 °C, and 1-MCP pears generally received the highest taste scores after the shelf-life period at 20 °C. Pears treated with 1-MCP were firmer and less juicy than control pears during the storage at 0 °C, but they were juicier and sweeter than untreated pears after the shelf-life period. These results were similar to the findings reported by Rizzolo et al. (2014) and Vanoli et al. (2015) in pears. These researchers showed that fruit treated with 1-MCP was firmer, less sweet, and less juicy than control pears during both the storage and shelf-life periods.
In conclusion, 1-MCP applications prevented weight loss and retarded the loss of TA, flesh firmness, SSC, C*, and h° values. Furthermore, 1-MCP treatments reduced the respiration rate and ethylene emission of pears when compared to the control group. As a result, ' Ankara' pears can be stored commercially for up to 8 months at 0 °C temperature and 90%-92% RH. The 500 ppb 1-MCP treatment was the most appropriate concentration for maintaining the postharvest quality of ' Ankara' pears grown in Elmalı district, Antalya, Turkey.
